This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to tlie 
Image Problem Mailbox. 



per 



WORLD INTELLECTUAL PROPERTVOROANXZATION , 
Intemation&l Bureaa 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT CQO^ERATIQN tiiMtV (PCt) 



(51) Intemttlcmal Fiteiit ClassificatioD ^ i 
O08L 53/00 



Al 



(11) Internattoiul Pnblicttioa Ntjo^r: 
(43) Intenutioiial IhiUli»tioQ Da^ 



18 A|ttii 1991 (18.04.91) 



(21) Interaational Applicatioii Number: PCT/GB90/01505 

(22) Inteniational Hling Date: 2 October 1990 (0110.90) 



(30) Priority data: 
8922445.5 



5 October 1989 (05.10.89) GB 



(71) Applicant (for all designated States except US): RAYCHEM 

LIMITED tOB/GB]; Rolls House, 7 Rolls BuUdings, 
Fetter Lane, London EC4 INL (GB). 

(72) lDyentors;and 

(75) Inventors/Applicants (for US only) : SUTHERLAND, Alis- 
tair, Alfred, Preston [GB/GB]; 37 Lytchett Way, Nythe, 
Swndon. WUtshiie SN3 3PL (GB). HUDSON, John, 
Michael [GB/GB]; 158 Oxford Road, Stratton St. Mar- 
garet, Swindon, XTiltshire SN3 4HA (GB). 



(74) Agents: JAY, Anthony, ^Vf^^ et aLt'liit^jliectaal Pro- 
perty Law Dep^rtiiffl^ 

koad, Dorcan, SwhK^^lii^* SNpHH (GB). 



(SDDesisiialed Stiter AT ffipq^ patant), AU, BE (Euro- 
i>ean patent), BR, GAi^eSurop^ p^ (Eu- 
ropean patent)*, DKr0^iXi^^ ^?!^^M^^^^^ 
patent), FI, Js?. (Euatfwp^^^^ pa- 
tent), IT (European patoSt), JP, KR, m ffl^rc^M pa- 
tent), NL (European pafient), NO, SE (Bto#ean patent), 



Published 

With international search r^mt. 



(54) Title: GELS 



(57)Ab5tiai^ 



Gels of hard-elastomer-hard block copolymers with at least 300 parts of exten^Siir liqiSi^r 100 p^ <rf tN topdymer 
contain at least 50 parts (per 100 parts of copolymer) of a stabilising addifive which refits mi^oil ttf PVC ptoticiBers iitfo the 
gel when in contact with a plastidsed PVC article. Styrene-(ethylene-bu^ene>styrefte tribk«& cdpol?iH(*B ^ oi|Jttnic phos- 
phate stabilisers are preferred, these stabilisers tending to raise the gel softening tettq^drature; / > 




DESIGNATION^ OF "DE" 



Until further notice, any designation of ''DE" in any international application 
whose iritemational filing date is prior to Octot>er 3, 1990, shall have effect in the 
territory of the Federal Republic of Germany with the exception of the territory of the 
former German Democratic Republic. 



FOR THE PUBFOSES OF INFORMA7JON ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MC 


Monaco 


AU 


Australia 


PI 


Finland 


MC 


Madagascar 


BB 


Barbados 


PR 


France 


ML 


Mail 


BE 


Belgium 


GA 


Gabon 


MR 


Mauritania 


BP 


Burkina Fasso 


GB 


United Kingdom 


MW 


Malawi 


BG 


Bulgaria 


Cft 


Greece 


NL 


Netherlands 


BJ 


Benin 


HU 


Hungaiy 


NO 


Norway 


BR 


Brazil 


rr 


lUly 


PL 


Potend 


CA 




JP 


Japan 


r6 


Roflnania 


CP 


Contral African Republic 


KP 


Domocrallc People*a Republic 


so 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Swiuerland 


KR 


Republic of Korea 


SN 


Senegal 


CM 


Cameroon 


LI 


Liechtenstein 


su 


Soviet Union 


DB 


Germany 


UC 


Sri Unka 


TO 


Chad 


Dk 


DenniariK 


LU 


Luxembourg 


TC 


Togo 










US 


United Slates of America 



This invention relates to a gel composition^. by/|h^ch is y 
meant a liquid-extended polymer compositioti; ^avi;?!^* a,, cohf --^^ 
penetration value (measured by a modified vers|:e«Vo.£ . . ; 

0217, as described below) within the range froiti ao to 400. --^ 
(10-1 millimetres); and preferably an ultimate elongation - 
(measured by ASTM D412 as described below) greater ^n j :^ 
100%, with substantially elastic def onnal:ion to eipn^t^: u.^; 
tion of at least 100%? ultimate tensile 'stze^m^^if^S^Vp 04^; 
less than 1 MegaPascal; and dynamic storage mo^^us W's .^j 
hereinafter described) less than 50O00 Pascals.^. * (»o-V. :- 
pos.ition may either contain a three-dimensxQnttl .network- of - 
cross-linked molecular chains (gels) or may mereliy:i»have.'.a^ 
if it contained such a network (gelloids). \ 

Oil-extended compositions of block .copoiymex:s are, JfijQwn, fbr, 
example from U.S. Patents 3676387 (Lindlof > , ^279^ - 
(Crpssland) , 4176240 (Sabia), and 4369284 (Chen), and 
published international Patent Application ^?O88()0«0^> anid it 
has previously been found necessary to isub jfect' 'Cbpolyifter^il 
adhesive compositions to radiation cro&s-linking in pr^er to 
modify their physical and adhesive properties, as d^isribed^ 
for example in European Published Patent Ap^licatioiii- 0224389 
(Raychero, Gamarra), U.S. Patents 3845787 (Haefele) and 
4151057 (St Clair) and in "Radiation Curing oj; fsA's easis'd - 
on Thermoplastic Rubbers" by D.J. St.. Clair, ./in Adhesivea. 
Age , March 1980, pages 30-36. 

The present invention improves the characteristics .Qf gei or^ 
gelloid compositions (hereinafter referred to simply as 
"gels") without the problem of crosslinking. 

A further problem arises when gels are placed in suriace 
contact with plasticised PVC articles, such^. as eJ^Ctrical 
cable jackets for example, since the PVC plks'tl;ci8or ten^s 
to migrate into the gel, thus embrittling the article^ 
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and possibly also degrading the gel. The present invention 
is capable of alleviating this problem^ and in some cases 
may furthermore improve the properties of the gel. 

The invention accordingly provides a gel or gelloia liquid- 
extended polymer composition having (i) an ASTM D217 cone 
penetration value within the range from 50 to 400 (10"^ 
millimetres), (ii) an ASTM D412 ultimate elongation greater 
than 100% with substantially elastic deformation to an 
elongation of at least 100%, (iii) and ASTM D412 ultimate 
tensile strength of less than 1 MegaPascal, and (iv) a dyna- 
mic storage modulus at 23^0 of less than 100000 Pascals; the 
composition comprising an intimate mixture of 

(a) at least one block copolymer containing relatively hard 
blocks and relatively elastomeric blocks; 

(b) at least 300 parts by weight of extender liquid per 100 
parts by weight of the' said cop.olymer(s) , which liquid 
extends and softens the said elastpmefic blocks; and 

(c) at least 50 parts by weight per 100 parts by weight of 
the copblymer(s> (a), of a plasticiser^stabilising addi- 
tive (which preferably does hot signif icahtly depress 
the softening temperature of the composition), 
comprising 

(i) a stabilising material capable of either 
establishing substantial equilibrium with, or 
resisting migration into the composition of, one or 
more PVC plasticisers of a plasticised PVC article 
with which the composition in use is to be placed 
in surface contact, 

and either the stabilising material (i) raises or does 
not significantly depress the softening temperature of 
the composition, in which case the additive (c) may 
optionally include 

(ii) a temperature-raising material which raises the 
soft ning temperatur of the composition. 
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or the stabilising inacerial (i) siqn±£^<?&atiy)^$J!^^!si:ay 
the softening temperature of the compositioA./ In^ 
case the additive (c) incLudes a .sufficient qixancity O^^^ 
the temperature-raising material (ii) to comp.^s^ate for 
at least 50% (prsferaoly at least 75%, more dtefersi^ 
at least 90%, and especially substantially IpdS or md*^ 
of the depression caused by the stat^lising;©att^ 

■ . '"f,* 

A "significant" depression of the softening point 
(hereinafter Ts) may be regarded as more than ali^ut s9c far 
example, although this working guideline may varV' tii; accor- ' 
dance with circumstances r such as the range of temperaturiS-* 
over which the gel is intended to operate. 

In its preferred embodiments, the invention is particularly 
concerned with gel or gelloid compositions in which the gel- 
forming polymer mainly (more than 50%,, ^r^sf drably iiiore^^t^ 
90%, especially 95-100%, of the total ppli^er) cc^pi^^^ 
block copolymer materials having relatively J^ird b abd 
relatively elastomeric blocks (e.g. hydrogenafe^d futa^er ^^..^ 
blocks)/ Especially interesting blbck copolymefet fo^^-th^;^ ^ 
purposes of this invention are tho^e wherein th#-l>^ird blgi^ki; 
comprise pblystyrehe. The weight ratio of the h4*d^^b 
to the elastomeric blocks in those (and other;) copolymers; is 
preferably within the range frota 0.25:1 to O.tS:!. The 
elastomeric blocks preferably comprise a polyalkylenb ' ' 
material^ preferably a hydrogenated rubber. /Elxlta^^ 
such styrene-alkylene block copolymers include stytene^ H 
alkylene-styrene triblock copolymers isuch as styrenie-dienife 
tri-block copolymers (linear or radial), for example'"' 
styrene-butadiene-styrene or styrene-isopren^-styiriane or^ - 
styrene-(ethylene-butylene)-styrene triblock ddjp^plymferfi . ' . 

Among such block copolymers useful in th^ present iinvehtion 
are the hydrogentated styrene-diene block copolymer^ in 
which the styrene blocks have a molecular weiigbt witliin t^he 
range from 2000 to 50000 and the diene blocks have a^ mbi'ocu-: 
lar weight within the range from 20000 to 300000^ Pref rred 
are those having at least two styrene end-block^ and at 
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least one diene mid-block, the styrexie end blocks comprising 
up to 55% by weight o£ the block copolymer. Examples 
include poly (styrene-ethylene-butylene-styrene) . triblock 
copolymers generally referred to as SEBS triblock copoly- 
mers. These copolymers have styrene end blocks and ethylene 
and butylene centre blocks and are characterised by the 
ratio of styrene blocks to the combined ethylene-butylene 
blocks. Blends of two different SEBS triblock copolymers 
e.g. as described in European Published Patent Application 
0224389 (Gamarra)r the disclosure of which is incorporated 
herein by reference r can be used to provide oil-extended 
elastomeric gels according to this invention having certain 
desired cone penetration, elongation and' tensile strength 
properties . 

Other styrene-diene block coploymers useful in compositions 
o£ tliis invention include poly (styrene-butadiene-styrene) 
block copolymers (SBS) , poly ( sty ren'e-isoprene--styrene block 
copolymers (SIS) and similar known styrene-diene block copo- 
lymer. The SEBS blpqk qopblymers are pre£^^^ The cppp- 
Ijrmer material^ may comprise mixtures of two or more 
block copolymers. 

Additional polymers which may be mixed with styrene block 
copolymers are polyphenylene ethers (PPO), for example 
poly(2,6-dimethyl-lr4-phenylene) ether r which have substan- 
tially complete compatibility with the polystyrene blocks 
and may improve the temperature resistance of the gels. The 
advantages of such mixtures are described in the aforemen- 
tioned WO8800603r the disclosure of which is incorporated 
herein by reference. 

Preferably at least one (preferably all) material of the 
additive (c), and preferably also of the extender liquid 
(b), is (are) substantially incompatible with the copolymer 
hard blocks. 

Preferably, at least one of the materials (i) and (ii) of 
the non-polymeric additive has a solubility parameter 
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(calculated from Small's group molar attaraptio^: ^ii^tft^ 
of at least 9, preferably within the ra^^efrfrwa^^.^^'^ 1^^^ 
more preferably 9.58 to 10.55/ and Sstoeci«a^ a'^46^.-'t«» '^^^^ 
10.52, [cal/cm3] 0.5, This preference is ^pJ.aine4 i'ith 
reference to the following list of 24 ad(Si'fei.ve matifeSialft: ' 
ranked in order of . their solubility param#jtj9rs (S,T». r andw 
showing the resulting gel softening temperature <¥s^^; in l^s 
formed by methods hereinafter described! ^|5<^'"7.^*. 1?^^^^^^ 
Kraton 61651 SEBS copolymer, 20.0% by ^Ight; adcatl^i 
material, 1.0% by weight irganox 1010 (TM, crBA); antioial-v:^ > 
dant, and 71.5% by weight Pina Vestan A360'6 : l^Mr^^ina^''!-:- :^- : 
Chemicals) paraf f in/naphthene oil extender. ;fs of th# 
with the additive material replaced by more of tlia p£l is ; 
120OC. V. • ; • ... • • -v?-- 

MATERIAL >,.,. - S. ¥, ^1^0 

1. Butyl carbitol adi pate. ' T-IO;: 6f 

2. Epoxidised soybean oil (TM "Estabex; 2381;*). 8.00 §3*; . 

3. Epoxidised oil (TM "Kodaflex T??iB*) ' •' . ^>%.2V ^i' ' 

4. Trioctyl phosphate ' : 8.35 5iS ■ - , 

5. Epoxidised oil (TM "Flexpl 4(30") .• 2f '- 
B.'^ Bdter'pi»a'tici8er''(TM '"i^ ■ •'.':4«'V' 

7. Ester plaaticiser (TM "Bisof lex TOT* y ' 8.90 7)2 

8. Triethyl phosphate • ; -^^tiT- ,^i-2k:^'\ 

9. Dibenzofuran v -J^ ^.•.as^ -"''-^?' 

10. Diethylene glycol monobutyl ether ; ■^• "^ '9.50 72 ; 

11. Tris(l-cbloroprop-2-yl) phosphate . ?,59 116 

12. Triphenyl phosphate(8) ^ ; 1^ 

13. 2,2-oxybis(ethanol)dibenzoate 13^7 

14. Tris(l-chloroethyl) phosphate '^iJiiM^ lib- ■ ■ 

15. 2,2-bis(chlororaethyl)-l,3-propyl6tie-bfT5 -^W : t. 4;: 
(2-chloroethyl) phosphate ■ - ] :-;--^0.^ 

16. Tris(l,3-dichloropropyl) phosphate ''10.52 '1:29 . 

17. Polyethylene glycol 200 ' , - ^ fto.7^ ^20|; . 

18. Glycerol monoacetate 'li^jS^-^ 

19. Diphenyl sulphon ^'■i:2.^->t:M^]^ 
20 E-caprolactam ~ . ■ ^i2*70 'Mr v 
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21. Propylene carbonate 

22. Tetramethylene sulphone 

23. Dimethyl sulphone 

24. Ethylene carbonate 



13.30 
13. 4Q 



14.70 



14.50 



145 
148 
125 
135 



The commercially 
additives, which 
indicated above, 



available materials used for some of these 
are thought to have the chemical content 
are as follows: 



1. Bisoflex 111 (TM) from British Petroleum. 

2. Estabex 2381 (TM) from Akzo Chemie. 

6. Bisoflex DUP (TM) from British Petroleum. 

7. ^ Bisoflex TOT (TM) from British Petroleum. 
11. Tolgard TMCP (TM) from Tenneco Organics Ltd. 

13. Benzoflex 245 (TM) from Velsicol Chemical Corporation. 
14* Genembl P (TM) from Hoechst. 

15. Tolgard V6 (TM) from Tenneco Organics Ltd. 

16. Tolgard TDCP (TM) ft bin Tenneco brgahics Ltd; 

It is observed that materials 1 to 10, with the. exception of 
material 8, severely depressed Ts. Many of these materials 
are known as PVC plasticisers, and so nay have a useful 
equilifarium-fonning stabilising effect when used as material 
(i) of additives according to this invention, together with 
a temperature-raising material (ii). Materials 8 and 11 to 
16 were all found, in separate tests, to have a stabilising 
effect due to their resistance to migration of pvc plastic'i- 
sers into the gel (hereinafter "plasticiser resistance") and 
could accordingly be used alone as the stabilising material 
(i) of the additive. Materials 8 and 11 had only an 
insignificant effect on Ts, whereas materials 12 to 16 
significantly raised Ts and could thus also be used as 
material (ii) of the additive tog ther with stabilising 



WO91/05014 ^^^^^^ 

materials (i) for example equilibrium-^£brffi|.ia|g plaei^i^^^ 

.such as materials 1 to 7, 9 and 10. Such m^ 

compensate for the depression of Ts caused by thg^ srab£li;<-. 

sers (1) or could raise Ts in cases v/here l.il:' i^jxinaxfecte^ by 

the si:abilisers. For example material 14 c?bxilj , be iUsed ti> 

counteract the depressive effect of material, 4.>ir; r 

Materials 17 and 18 do not significantly depresi^ Ts/ but Vir##^e 
found on testing to lack stabilising ef fec%> gihil 
no interest for the present inventioifi Mtf^itittis l'9' to 24 
all raise Ts (No. 23 barely significantly), bms aXe;d 
stabilising effect. Materials 19 to 24 'trottid "t^e*^^^ 
used as the temperature-raisixig material;' V 
tive together with suitable stabilising itlatie/ials (1 j to * 
compensate for depression of Ts, or td raise Ts; a^ afore*- ' 
said. However, it is found in practipls that lod^ 19^' to 

24, all of which are solids at room t4mperai:-iireV teitti to 
separate out of the gel composition, ii^ith resuXbaht e^ 
on th^ appearance, and perhapis the perfoi^fi'de, 6^^^ 
which may be unacceptable for some end uses* i^^ is accor- 
dingly preferred that at least one tptef erably 'iipt^ 
materials (i) and (ii) (when present) of the' ad$l^ 
(are) liquid at room temperature and tol^cible with^^^ t^ 
extender liquid (b). However, solid materials;; such a^ : - ' 
materials 19 ro 24 may still be useful for Wbfe^pu|$5bi^^^^ 
especially if they have good solubility in the 'toteitife ' • 
liquid. - 

It can thus be seen that af orementionied ranges 0t solubility - 
parameter provide a useful guide to selecfeioh of 'adciitlve 
materials, within which guideline suitability of icnafceriala 
is readily determined by simple trial-and-errbr testing of 
their effect on Ts and their stabilising ef f ect Ctoide^ated . 
w. ^h a control containing no such additive^ £^laB;ti^ser^ 
::^«abilising effect can be tested, for exa;mple, encap- 
sulating weighed plasticised PVC samples in a gel 6£nX^ii^itij^-' 
th additive to be tested, for example in the foremelitiQ^e^ 
proportions, and maintaining the encapsulated: ian^Ie^ at 
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TO^C for suitable periods, e.g. a week or a fortnighc or 
two. After removal from the gel, which usually peels 
cleanly from the sample surface, the samples are re-weighed, 
and any loss of weight may be compared with that or the. 
control to see if the additive reduces the degree of loss of 
the Pyc plasticiser into the gel. 

The additive materials having solubility parameter (S.P,) 
greater than 9 will not only preferably be liquids as afore- 
said but will also preferably exclude oxygen-heterocyclic 
aromatics {material 9); alkanols; and glycols and polyols 
and their mono-ethers and mono-esters (e.g. materials 10, 
17, 18). Materials of S.P. below 9 tend to depress Ts (e.g. 
materials I to 7, 9, 10), while materials of S.P. above 10.6 
may tend to have problems as indicated above for materials 
17 to 24. Within the preferred range of S.P. from 9 to 
10.6, S.P. of 9.58 to 10.55 excludes the short chain alkyl 
phosphate material 8, while the range of S.P. from 10.00 to 
10.52 includes the most beneficial materials 12 to 16, most 
of which are organic phosphates, as is preferred. 
Halogenated (preferably chlorina.ted) or unhalogisnated 
phosphates e.g. alkyl phosphates having up, to 6, preferably 
up tp 4 carbon atoms in each alkyl group, and aryl phospha- 
tes, are especially preferred. Materials containing polar 
carbonyl or sulpho groups may also be desirable for raising 
Ts, in view of the results achieved by materials 13 and 19 
to 24. 

Mixtures of materials (i) and mixtures of .materials (ii) may 
be used if desired. 

Although the present invention does not necessitate cross- 
linking, cross-linking of the composition may still be 
effected if desired, and may produce further improvements in 
properties. 

Within -the specified range of properties for the gels and 
gelloids according to this invention, those having an ulti- 



mate elongation of at least 200% are preferrefd, . 
Substantially elastic deformation (oi subst^i^ti'aily- no 
hysteresis) up to an elongation oi at Itatsv ^00% *i& also^ 
orererred. •■^ j/ - - ■ : 



Mixtures comprising less than 300 parts,. e8pe;ciall^: 
parts or less, of the extender liquid', e.g.. as ;;:in the 
melt adbesives described in OS Patents A14l^€'^^(3^0^^ i 
per 100 parts of block copolymer, generally do.fppt'^'^ehW^.jas 
gel or gelloid compositions. Such mixtures tend to be to^H 
hard and to have too high an ultiaaite te»6.ile ' St^«n#th 
dynamic storage modulus, especially when taekif^yitij^tesi^ 
are added. 

preferred gel or gelloid compositions according, to ..^the p^^ 
sent invention either have a cone pisaetratipn. yal^ 
the range from 200 to 400 (lo-l niilli«etresVM,$ap£tr''^^^ 
and comprise preferably at least 5(57,, ^<|«^r^firably^^^ 
more than 5000 parts by weight of th^ (K!cterid^? :liguid p?*^' 
100 parts by weight of the polymer i pr hire: a qone penei^ra^ 
l-ion vaiui within the r^ge from 50 1^^^ 

; m^res i, ; ( ''hard^ gels) / and compirise J>ref «raW^^^ P%t# 
by weight of. the . extjsnder liquid per l(yq: p^x^fs^visi ^-'i^,^ ^ 
polymer. ' ' 

The extender liquid preferably has a boiUng psiiht higheV 
than the softening or melting tampc^ratar^i . bf |t^^^^ 
lymer, and the extender liquid is preferably mixed; with Hfefe 
copolymer at a temperature not less tba^ its -idlltirig pr 
tening temperature. Mastication or ot|er lai^iag ^^hPiguaa. 
at lower temperatures, perhaps with the ai|;;^|:|yoiat'i^^^^^ 
solvents, may however be used if the r9sult>«? .99'^^ 
is acceptable for the intended end use. j . . ^ 

The extender liquids useful in the composiibiprts of this ' - 
invention comprising the block copolymer atxd piaaticiger-. 
stabilising additive as af resaid may be , selected from oils 
conventionally us d to extend elastcaaeric matasrials. ,Tb 
oil may be a hydrocarbon oil such as parafiinie ot riap 
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nic oils, synthetic oils such as polybutene or polypropene 
oils, and mixtures thereof. The preferred oils are substan- 
tially non-aromatic mixtures of paraffins and naphthenic 
hydrocarbon oils. The oils should have a minimum boiling 
point higher than the softening point of the block 
copolymer (8). Examples of suitable oils include those 
available from Fina Chemicals under the Trade mark "Pina 
Vestan" in grade A360B (preferred), " Drakepl 34" from 
Penreco, and "Witco 3B0PO" from Witco. 

The ratio of polymer to the oil will generally range from 2 
to 30 parts polymer mixture to 70 to 98 parts oil. In 
general, for "soft* gels, it is preferred to use 3 to 15 
parts of the block copolymer with 97 to' 85 p^rts. oil and 
most preferred for many applications to use from 4 to 12 
parts of the block copolymer, with 96 to 88 parts oil. For 
"hard" gels, a ratio of 15 to 30 parts of the block copo- 
lymer, most preferably from 18 to 25 parts, with the balance 
•oil>;is preferred. 

The compositions of this invention are preferably prepared 
by mixing the oil with a blend of the polymer (s) a^d the 
additive material(s) at; a temperature! not l^sk than t^^ 
glass transition temperature of the hard blocks in th^' , said 
block copolymer. The glass transition temperature of the 
hard blocxs may have been raised by blending with PPO as 
described in the aforementioned n088pC603). In order to 
achieve adequate mixing and for the polymer (s) to melt fully 
and disperse in the oil, sufficiently high temperatures and 
sufficient mixing shear are preferably used. The mixing at 
the elevated temperature should be continued until the mix- 
ture is uniform and all of the polymers are evenly dispersed 
or blended in the oil. After sufficient mixing, the com- 
position is then moulded into the desired shapes and allowed 
to cool. The resulting elastomeric composition can be re- 
melted and again cooled without any significant change in 
physical prop rties. 

The ils useful in the radiation-cross-linked versions of 
the comp sitions of this invention can, for example, be the 



same oils as above. The cross-linking agenrs ijiteiiai^^ 
eletitron beam radiation cross-linking of ;i:hf.;pd$j^ 
composition, the amount of cross-linking agente'/ aiia^ "t^ 
electron beam radiation dosage will depend on the ctiei^ , : V 

■ . ■ t'V.'.-. r t\. . • ' y|.rt J _ . »• i; 

• '•- ■ • -'r.' ""''isi - ''^ •lis- i- ^-t'-r •: *?• 

position, its configuration and the degree of. cr$j|f^linJcrAg . 
desired, and may be selected by the usual cr^j^eitia, for 
example along the lines disclosed in fehe afo^^^hii^aed ^^^^^^^^^^ 
European Published Patent Applicatioa^D22438i9^*-"'^ - 

It will be useful to use various additives'lEdt:; 

poses in any of the compositionrs of this iniw^kti^iD^a i^'^ iSu^ 

additives may be stabilisers, antioxidants, flstoie cjitar-r' 

dants, tackifiers, corrosion inhibitors >'n'% th#-liltiS*^^^^^^^^^^^ 

useful to use antioxidants in all the compos i t ipi^e o£,, thi^«-^^ 

invention, 

The compositions of this invention can !t>e fi&de w^id^ 
range of physical properties, such as cone pett^t rat ion > 
ultimate elongation, and tear stre^lgtfa,; des^irjab^e lor j^ar.^: " 
ticular end use applications. The coinpositiOTS^ hai^^^ 
numerous uses as elastomeric materials j^nd in 
be used as sealing materials, for; e3camp3.e ^ 1^ 
publlshiad Eutbpean Published Patent ?^j?ai^ 
019160? r although the compositions of thi^ i^vemtiiph 
have many and varied uses depending on tha,prd|iieL]f:t-|as 
desired and the temperatures to be e[nco;unte¥^i^.v 5 f 

Gel compositions within the scope of this iiiviarttipj^h pre- 
ferably defined by the following criteria (1); t^b (,8^1 / ^f . 
which preferably not more than one cxiteripn ^Ino.t^^^^^^^^ or' 
(2)) will be outside the specified ranges. V ^^^f er4t©r|.a 
are derived from Tests I to V described in the atoic^^^ 
tioned W08800603, the disclosure of which is jLni3pr|^ 
herein by reference, . ; 

I Cone Penetration '^^ '.It''- y ':'''( 
(1) Cone penetration value in the range 5a-<ao:;ll/li)^^^^i^^ 

II Tensile Testing \ * 
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(2) Ultimate Elongation greater than 100%. 

(3) Ultimate Tensile Strength Less than IMPa. 

III Dynamic Viscoelastic Properties (23^0 . 

(4) Dynamic Storage Modulus, GV, less than 100,000 Pa at 
IHz, preferably less than 50000 Pa, more preferably 5000 
to 15000 Pa at lHz« 

(5) Dynamic Mechanical Damping, Tan Delta, less than 1.00 at 
frequencies less than 5Hz. 

IV Dynamic Viscoelastic Properties <80QC) . 

(6) Dynamic Storage Modulus, G', greater than 10 Pa at iHz. 

(7) Dynamic Mechanical Damping, Tan Delta, less than 1.00 at 
frequencies less than 5Hz. 

V Stress Relaxation . 

(8) Relaxation Time greater the 900 seconds. 

The softening point (Ts) of the gel cbmppsitions inqreases 
as the proportion of temperature > raising additive 
increases. Preferably, the amount of additive is at least 
3%, preferably at least 5%, and not more than 25% by weight 
of the whole gel composition, more preferably 10 to 15 
weight per cent. 

Softening point of the gel compositions is determined by 
standard Thermal Mechanical Analysis Techniques, such as the 
duPont TMA using a load of 5 grammes and a heating rate of 
5DC per minute. By way of illustration the general method 
of preparation of the gels using the listed additive 
materials according to this invention will now be described. 

MATERIALS - 150g containing: 

7.5% w/w Kraton G1651 copolymer 
20.0% plasticiser 

1.0% Irganox 1010 antioxidant 
71.5% A360B paraffin oil extender. 
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The materials were stirred cold # under nitrogen for.'SLj:: - 
least 30 minutes in order to flush the flaslc pf air and; z; 
allow the copolymer to absorb some of the oil. H^at was ' 
applied steadily until considerable swelling occ^rris^^ 
the mixture became very viscous (depeiiding q|i'''the pl,^at^ 
ciser this could occur at any temperature in'Xii^; tat^ ^ ! 
80-180^0. Heat was then applied with caution and was mai^-*, 
tained until a homogeneous r molten gel containing no 
undissolved copolymer was observed or up to a na^i^isam^^ t 
perature of 220oc» Heating and stirring were, sttapppd ^nd^' 
after the gel had become cold and set, the flaakfwas uncb^ 
vered and the gel removed intact. 

The gels of this invention may be especially useful wh%n : 
used as a sealant in an electrical connection texTteinal enC^.o- 
sure, cable splice, or cable termination, ^ J^it or cbm- 

ponent for making such an enclosure, splicey ar te^ 

Examples of gel compositions specifically f^bri^lated fpr 
such purposes will now be described^ in per)ie;nta;g€^s i^^ 
weight. 



Kraton 61651 
Indopol H300 

(polybutene«*isoprene tackifier) 
Fina A360 oil 



Example -M Exami>l e W 

8.5 . - . ■ ■•8^5* 



20 



54.88 



20^ 



54.88 



Genemol P 
(phosphate) 

Bisoflex TOT 
(ester-type plasticiser) 



ID 



Bisoflex 234 

(ester-type plasticiser) 



5 
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Irganox 1010 
(anti-oxidani:) 



0.12 



0.12 



Irganox 1076 
( an ti -oxidant) 



1.0 



1-0 



Tinuvin 327 



0.5 



OiS 



(UV Stabiliser) 

"Indopol H300" (TM) is available from Amoco Chemicals. 
"Bisoflex 234" (TM) is available from British Petroleum. 
"Irganox 1076" (TM), and "Tinuvin 327" (TM) are available 
from Ciba-Geigy. The other materials have been referred to 
earlier herein. 

The Ts of these gels was 1280C for example A and 124^0 for 
the example B, compared with Ts of 125^0 for the same gel 
replacing the Genemol and Bisoflex additives with a 
corresponding additional amount of the oil. 

The gels preferably contain at least 75 parts by weigfht 
(more preferably at least 100 parts by weighty especially al 
leiaist 150 parts by weight r and in some cases even 200 or 
more parts by weight) of the isaid additive per 100 parts by 
weight of the block copolymer material (a). 



wo 91/05014 ^-..^fi^i-,-- ^^^^^..^.^ 



CLAIMS • ••• .- . ; . . .. i'. ; 

1.. A gel or gelloid liquid-extended polymer qoorpositi-cm ^J-',' 
having (i) an ASTM D217 cone penetration value wjithii^.rtna='V./^ 
range from 50 to 400 (lO"! niiliimetrWs), (ii ) .ai^-A3TM-^*i412v ' 
ultimate elongation greater than 100% with^aiiiiBt^litda^ity . 
elastic deformation to an elongation pjV at least ''100%/ (ili ) 
and ASTM D412 ultimate tensile. strength of less thaW 1 
MegaPascal, and (iv) a dynamic storage modulus a|;?3QCvpf, 
less than 100000 Pascals; the composition doRi^ising aii^-; - ■- 
intimate mixture of 

(a) at least one block copolymer containing relativeir^^^^^ 
blocics and relatively elastomeric blbdcsj : ;. ' "-' 

(b) at least 300 parts by weight of extender liwf. per 100 
parts by weight of the said copolymer (s) ^ which liquid*? 
extends and softens the said elasfeqmeric.- blpcics; and 

(c) at least 50 parts by weight per lOp par^^ts V^Veight p# 
the copolymer (s) (J^)., ^qf:a,.pl^a%i^B^^H^^i^Xn^^^ 
tiye cbroprising, 

( i ) a stabilising material capable of either ; 
establishing substantial equilibrium with, or , *-r:,-^, 
resisting migration into the comp.qsitioii of.;^.:'|^^ 
more PVC plasticisers of a plaaticise'd PVC article 
with which the composition ia ^aS€? .is to-.be( placed 
in surface contact, 

and either the stabilising material (if raiaes or ^o®'* 
not significantly depress the sof tening t^era.tj^jre^ i^^^^^ 
of the composition, in which case the .aadit^;ve . {d) 
optionally include .'; ' ' ' X 

( ii ) a temperature-raising material which rieiises; the ; 
softening temperature of the. composition, , 



or the stabilising material (i) significa^^^ 
the softening temperature of the .compo^itifit;, in j^iqi- 
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case the additive (c) includes a sufficient quanrity of 
the temperature-raising material (ii) to compensare for 
at least 50% (preferably at lease 75%, more preferably 
at least 90% i and especially suoscantially 100% or more) 
of the depression caused by the stabilising material • 

2. A composition according to Claim 1^ wherein the copo- 
lymer hard blocks comprise polystyrene. 

3. Pi composition according to claim 1 or 2, wherein the 
copolymer elastomer ic blocks comprise a polyalkylene 
material, preferably a hydrogenated ruboer. 

4. h composition according to Claims 2 and 3, wherein the 
copolymer is a styrene-alkylene block copolymer. 

5. k composition according to any of the preceding claims, 
wherein at least one (preferably all) material of the addi- 
tive (c), and preferably also of the extender liquid (b)r is 
(are) substantially incompatible with the copolymer hard 
blocks, 

6. 7^ cpmpositibn according to any of the preceding c^siimsr 
whereiiL at least one of the matierials (i) and (ii) of the 
said additive has a solubility parameter (calculated from 
Small's group molar attraction constants) of at least 9. 

7. k composition according to claim 6, wherein the said 
solubility parameter is within the range from 9.0 to 10.6 
preferably 9.58 to 10.55, more preferably 10.00 to 10.52. 

8. k composition according to claim 6 or 7, wherein at 
least one (preferably both) of the materials (i) and (ii) 
(when present) of the said additive is (are) liquid at room 
temperature and miscible with the extender liquid (b). 

,9. k composition according to any of the preceding claims, 
wherein the stabilising material (i) of the said additive is 
a PVC plasticiser and the additive includes the said 
temperature-raising material (ii). 
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13. \ composition according to claim 7 , 8. or 9 .wh«r:ei^^ 
either of the materials (i) and (ii ) (ii .pr^^nt); of^^^ 
said additive is 2,2-pxybis<ethanol)dibqtn2oats. ' ' .^.^ . ^ 

11. A composition according to claim 1, 8, or 9, wherein 
either of the materials (i) and (ii) (if present) af the j . 
said additive is an organic phosphate. '■■'^<'^X.^ 

12. 'A composition according to claim 11, wherein the. : 
phosphate is an alkyl phosphate having lip to 6, pref fecabliJ^" ^ • ; - 
up to 4, carbon atoms in each ialkyl group! " ; ^ ; 

13. A composition according to claim 11 r whei^rein the 
phosphate is an aryl phosphate. 

14. A composition according to claim 11, 12^ or' 13, wherein 
the phosphate is a halogenated, preferably* ^Idrinated; 
phosphate. 

15. A composition according to claiin 11|^ wh^reiti the ' 
phosphate is triphenyl phosphate, tris{;t^chi^ 

2 r 2-bis ( chloromethyl) -1 , 3-pr6pylene- (bi^ ( 2-cliiorQ^ 

or, tris(l,3-dichlpropropyl)phpsp^t^^ " 

15. A composition according to claim 11, wherein the 
phosphate is triethyl phosphate or trisCl-^Shiorbprop-^^^^ 
phosphate. 

17. A composition according to any of th^ preceding claLimsr 
comprising 5 to 25, preferably 10 to iSfWeig&t percent ol 
the additive, based on the weight of the whble compositid^^^^^ 

18. A composition according to any of the preceding claims; 
whose softening temperature is higher than that of ttxe 
corresponding gel composition without the said g^dditive, 

19. A composition according to any of the preceding claim^ 
when used as a sealant in an electrical cbhnectrqii l^^^ ^ 
enclosure^ cable splice, or cable terminatipn, # a>it^^ '^^ 
or component for making such an enclosata, sf>llc© or ter-;?: 
minati n. 
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20. A composition acc rding to any of the preceding 

claims, having an ASTM D217 cone penetration value within 

the range (a) from 200 to 400 dO"! mllimetres), or (o) 

from 50 to 199 (lO'l millimetres). . ^ 

**«***«*«« 
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